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The potential for using Scleroderma sichuanensis as a vector for
fungal pathogens of Monochamus alternatus

*
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(Forest Conservation Laboratory of Forestry College, Sichuan Agricultural University, Chengdu 611130, China)

Abstract [Objectives] Based on the biological missile concept, the use of pathogen-carrying parasitic insects is potentially
a new way of preventing and controlling both Monochamus alternatus and pine wilt disease. [Methods] We measured the
virulence of conidial powder and spore suspensions of four pathogenic fungal strains carried by Scleroderma sichuanensis, and
the initial and residual pathogen load of each strain. We then analyzed the effects of each pathogenic strain and pathogen load
on S. sichuanensis, and the shedding of pathogen spores on the body surface this species. [Results] The mortality rate of
females carrying conidial powder was higher than that of those infected with spore suspension, but the pathogen load of
conidial powder was much higher than that of spore suspension. For suspensions, both the cumulative mortality and pathogen
load of S. sichuanensis increased with increasing concentration. The virulence and the mortality rate induced by Beauveria
bassiana was higher than that of Metarhizium anisopliae, but the pathogen load of B. bassiana was higher than that of M.
anisopliae. Irrespective of dosage or strain, most spores on the body surface of S. sichuanensis fell off after the first day after
which the rate of spore loss continued more slowly. [Conclusion] S. sichuanensis is an effective vector of fungal pathogens
of M. alternatus, particularly B. bassiana.
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2008; falJp =45, 2014), MM “HEiE" Z
Fr (¥ H %, 2003; Rodrigues, 2009 ). 24,
22 BN TN B B U6 P b 42 HUR ) BB AR 4 2
Bij i IR A B i 28 K 4= Monochamus
alternatus ( ¥/ 5%, 2011; FERWLas, 2014 ),
(7] Fsf A 58 R A A 2 3 AR, | ) o B 5
(BRIBSE, 2004; fh RS, 2014), Kk, 4%
TR S8 KA e+ EEEAA Y]

B, FIHAYBHE 0 G sa KA 2
H LS T ) FOCEER it o RECR ROy T &
B I W K b R % Scleroderma  sichuanensis
Xiao. 45 G R Scleroderma guani. f£447 H
Dastarcus helophoroides 55 ( &'k, 2015;
RIS, 2017 ), Horr, JIRE R Ji i ae (RTRR
JI| & )@ 3 H Hymenoptera fift ik i F} Bethylidae
KA hRY%JE Scleroderma ( JEIfH L4, 1997,
JitHAE, 1999), BAMR. Wi fisk, driitk
SR, AT, WARE, B, KRB
W RS BEE AR A VR — M R F R
Mg, 1| 1z i P e XoT O 24 S e e 5 A R
AR, TR R CBIEMESE, 2015 ).
s SR W) T 2 B2 B AR T Beauveria
bassiana, ZgfEpE Metarhizium anisopliae. #;4l
H# Paecilomyces farinosus 57 JiL B & MOAG o
7 [C# Serratia marcescense . Jr =~ 4 AT
Bacillus thuringiensis %% J5L 4 B ( MRAE 55, 2017
RWHLAE, 2017 ), Hrb, HRRE S S w R
FKNZ, MHRZ.
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Table 1 Test bacterial strains

Btk Bacterial strain

kR Source

FER1LYS
Metarhizium anisopliae No.1

G ) 1 RN A7 R S 6 B AR P SR A 58 TR A 4 B B
M. anisopliae from the larva of M. alternatus, which was provided by the Forest

Conservation Laboratory of Sichuan Agricultural University

HIER 15
Beauveria bassiana No.1

PO Al R 27 R PR S 6 2 AR AR 1 S A s TR A 4 SR A 1 B

B. bassiana from the larva of M. alternatus, which was provided by the Forest

Conservation Laboratory of Sichuan Agricultural University

ZRMETH 2 5
Metarhizium anisopliae No.2

PHALAABIE I S A 2385 19 W 88 A 4y HL A 2 1R

M. anisopliae isolated from the larvae of M. alternatus was provided by Northwest

Agriculture and Forestry University

MR 2 5
Beauveria bassiana No.2

PUILAHRIE R AP AR 73 A F 88 0 2F 4l Uy R R

B. bassiana isolated from the larvae of M. alternatus was provided by Northwest

Agriculture and Forestry University




2

WA A )N S I S 5415 A 58 K A S0 B A E 5

- 427 -

43 S JC T AR F- 2 A 100 mLO.1% 4 i i
- 80 LH/KEWh, TEREHBEFER LI it
Jei, Be il A B TR . 7E 400 fE BB T, R
FH BRI BT 5 A TR TR, P BRI
Ty fy e R f E T BRI, B BIIC A, 1x20°, 1% 107
1x108 cfu/mL 1195

122 ERFHNUE BAHEKRIEN—LHE,
PERER/N—3 . 1R B, BT M T K
PIIEAR o SRRy e b 47 )1 e = N B
SE o PP T B SR TR 2 S e oy 1x10°
1x107 FI 1x10° cfu/mL 967 B 57 Wi 3 St /e 1|
WA b, DAITA 1 0k B R o8 A TR . IEH%
BT AFH L (LB TR . YRR S 7
ANEE, BAOEE LR 20 I, LIBHGE 0.1%
i - 80 JCE KA AR R . 5 —Fh ik ek
WEARAR B T A AR L, AR A T T4
WHTH . IR E 7 EE, B EE SR
20 FUNBE o DIASABUE fo] Acb 3% 1| e Ry Xof R,
g, BEREATH BEJG 0 FE H DLR 3R |
FRHE T (2521) °C. RH 70%-80%F9 A T<,
T, BER MBI TN BET- %L, A
1.2.3 EHERANE BAOERIERN— 0P,
Pk — e i R/N—20, ISR A, 43R
ik 1.2.2 Ry 2 MO IE N, JFE T A
TR PR R, B9 5min, 1d.2d. 3d.4d.
5d. 6d. 7d/Esr B MR BkE 20 HIEE )]

i O HE T 1 mL 0.1%0E 3 - 80 Tk, 7F
THE W 41 7 A - 30 20 4 3 11 )1 e AR SR 4 4 1 8
SRR B N oo SIS 11 B2 ST € T 2 B S e
flFU B, JFE R T, A
HE 3, BOPFHME NN R .

124 BEAE  FHI0E X IRAPE TR
5%-20% [], 5 X BRAET SR XHA I A0 T % ik
TTREIE, RBRIESET %, SLIHdEH DPS #X
AT AP E T (s SCRE I, 2002),
R HEBEHIE (LDso ).

BIEFET-F (%) =
CSREGHAE T H - RRZH BT R
A-XF IR T %)

#5417 8 70 525 B8R - Microsoft
Office Excel 2010 F1 SPSS19.0 &4 HEA 74511504t -

2 HZRESHMH

2.1 JIIE B i il e 9 25 i E

211 BFEFERFNELMBENSH &
AN T BRI AL BR S , 1] 968 ) A 45 3 D
*® 2, AEE 2 M)INERNE &S, LDso N
7.213 8 cfu/mL; HRZFMEE 1, LDso N
8.594 1 cfu/mL; 5 JJ AR AERAETE 2. £ Wtk
B RIEFBRAORBRI N AEE 2>HER
I>ERER 2> EE 1, FEE 2 RPRR K, #£
WO TR A P Wit 454 PR R AS ] ok 2 1
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Table 2  Test results of toxicity test of spore suspension from four pathogenic strains to Scleroderma sichuanensis

5 | o Y e " "
255145 AR HIRRBT e e SE | D kP (cuimL) LDgs $HH ( cfuimL )
Virulence regression  Correlation . .
Name of the agent ; . Standard error LDs, logarithm LDgs logarithm
equation coefficient
REE 1S y=0.116 8x+3.502 1 0.6218 0.063 2 12.829 0 26.916 4
M. anisopliae No.1
LB 2 & y=0.128 8x+3.274 1 0.697 9 0.071 6 13.4015 26.173 7
M. anisopliae No.2
HiERE 1% y=0.157 9x+3.643 0 0.867 5 0.057 9 8.594 1 19.011 3
B. bassiana No.1
EIEE 2 & y=0.163 2x+3.822 6 0.8792 0.0537 7.2138 17.2921

B. bassiana No.2

BRI OCHE P<0.05, I HAHCREL r FA1E BFMERI 22 5%

The correlation in the above data is P<0.05, and the correlation coefficient r is significantly different.
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RIE IR )N e N T AU i 3% 7 d S AET
B0 L 3, AT M 44N RRAE W g 1x20° cfu/mL
W, WIEFET-Him, 7EME A 1x10° cfu/mL
i, MIEFET-H Ak

Bl Lo, 76 3 HEMIRIET , IR R
THIET R LA E TR 1 5 . 3B 3 RIFIR, &1
FLA R Y0 )1 e EBBETRAGIE K s R AR e, H
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2.2 )% BE B R e 455 W RE T M RE

221 JIFEREBhERIEXT AR FI B F RO AE
71 NP ERAB R T, )1 X R o ) 4R
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5 (P<0.05); *FMEE 1 M5, R 1. 2. 4
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Table 3 Corrected mortality of Scleroderma sichuanensis treated with
spore suspension of four pathogenic strains after 7 days

P27 W (cfu/mL ) FET AL TR (%) KIEFET % (%)
Name of the agent Solution concentration Number of dead insects Mortality Adjusted mortality
SEE 15 1x10° 1.875 9.38 - 0.689
M. anisopliae No.1 1x107 3.375 16.88 7.644
1x10® 9.000 45.00 38.890
0 1.800 10.00
SRR 2 5 1x10° 1.714 8.57 2.041
M. anisopliae No.2 1x107 2,571 12.86 6.633
1x10® 7.571 37.86 33.418
0 1.333 6.67
HER 145 1x10° 4.429 22.14 11.859
B. bassiana No.1 1x107 7.333 36.67 28.302
1x10® 12.000 60.00 54,717
0 2.333 11.67
MR 25 1x10° 7.000 35.00 23.529
B. bassiana No.2 1x107 7571 37.86 26.891
1x10® 14.286 71.43 66.386
0 3.000 15.00
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b40_+ﬁ%%11nmmmm K4 ANERBTHLE7dBIIEHETER
'Té [ Metarhizium anisoplige No.1 Table 4 The death status of Scleroderma sichuanensis
g 35 —'—ﬁgﬁf ; treated with conidial powder of four

Metarhizium anisopliae No.2 : :
© 50| —— A pathogenic strains after 7 days
'43 Beauveria bassiana No.1 R = N -
g Beauveria bassiana No.2 Name of the Number of "~ . LTso (d)
© 20+ agent dead insects y
<15l SHER 12 9.25 46.25 5.77
\’K; 10 M. anisopliae No.1
1 ST 2 B 8.14 40.71 5.11
L%J; Sr M. anisopliae No.2
=
> 0 | ! 1 1 1 %*‘ =N 1943 9714 484
™ 0 ! 2 3 4 5 6 7 Béltll?si;n;No 1
il (d) Time o '
X107 efuoa. HiER 2 & 8.14 40.71 5.35
X c .
B. bassiana No.2
2 40 r—o— e !
Te Metarhizium anisopliae No.1
L —e— SER2 . Lo
g 3 Metarhizium anisopliae No.2 E 120 - *ﬁiﬂj Conidial powder
Qo 30 | —— miE# g —o— G
g Beauveria bassiana No.1 =] Metarhizium anisopliae No.1
S | raEm 5100 | —— s
g ﬁ ia;vena bassiana > Metarhizium anisopliae No.2
O 20t ' 5 | —— R
R 20 = 80 Beauveria bassiana No.1
\° 15 - S +Ef§§2
Z O 60 Beauveria bassiana No.2
¥ 10r >
A S 40
BT ¥
H% 1 1 1 1 1 J ’L'l 20
B 0 e
0 1 2 3 4 5 6 7 R
i (d) Time % 0 1 2 3 4 5 6 7

1x108 cfu/mL
80 1 ——smEEn
Metarhizium anisopliae No.1
70 - —e—5{EE2
Metarhizium anisopliae No.2
60  —— B&E#1
Beauveria bassiana No.1
50 L ™ HfEE2

Beauveria bassiana No.2

N
S
T

EFFT-E (%) Cumulative mortality
W
(=)

BffE] (d) Time

1 ARKREBRFREFHERLEIENRITRETE
Fig. 1 Cumulative mortality of Scleroderma
sichuanensis treated with different
concentrations of spore suspension of
four pathogenic strains

fRER 2 T, BREFS 1 RAh, J1IE X P Al 75 2 5
RIS R | A5 )47 B A 2 A7 A (3 22

iffE] (d) Time

B2 mFmaEilgEnRiteeE
Fig. 2 Cumulative mortality of Scleroderma
sichuanensis treated with spore powder of
four pathogenic strains

5+ (P<0.05). [Ff, JI#EXTX 4 BRE A4
fRI3E AT AT B ARG K T BRI (3£ 5-
8 RN A TR] v B A - B PRI A 485 4 e
3 TR, NI 4 BEBE 100 1h 5 2 34 B vk
FE RSNG4 1x20° cfu/mL 1 1x107 cfu/mL
(AR TR 2 7E55 2 KALTIvE B KA, 4t
AN [ e B ) HeAY 3 BRI B 1x10° cfu/mL
(LR 2 H7E5E 1 KA F v Ede kK, HkEE
YR R 5 1 RS, IR 1 AR TH
VRS T TE 1. PR 2 A 1x10° cfu/mL 4k
A 1 TR, T 1x10° cfu/mL
1 1x107 cfu/mL BRI 2 10 77646 2 KT G
SRS TiE , RIS T A IR 45 W B ) A 7 A7 P i
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®5 JIEEHEEFEL (BT) HEMATK (x10* MR
Table 5 Diurnal variation in spores quantity of Metarhizium anisopliae No.1
carried by Scleroderma sichuanensis (x10* cfu/ind.)

#EEEM 2L (d) B EE (cfu/mL)  The concentration of spore suspensions BT
Diurnal variation in 10 0 0’ Conidial powder

quantity of fungus carried

0 0.554+0.05b 1.354+0.05b 9.108+0.69b 213.250+5.75a
1 0.365+0.02b 0.720+0.03b 1.219+0.22b 47.320+7.18a
2 0.235+0.02b 0.600+0.03b 0.597+0.09b 46.660+8.96a
3 0.148+0.03b 0.411+0.01b 0.484+0.03b 29.765+0.87a
4 0.139+0.04b 0.213+0.09b 0.298+0.02b 22.640%2.94a
5 0.097+0.02b 0.151+0.05b 0.263+0.01b 18.105+2.21a
6 0.080+0.01b 0.122+0.01b 0.192+0.01b 14.775+0.95a
7 0.054+0.01b 0.090+0.01b 0.180+0.01b 11.805+1.65a

PRI P EAARER, TR G A ARG FREFRIRTE P<0.05 K225 W&, T RF.,
Data in the table are mean+SE, and followed by different small letters within a row are significantly different at 0.05 level.
The same below.
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Table 6 Diurnal variation in spores quantity of Metarhizium anisopliae No.2
carried by Scleroderma sichuanensis (x10* cfu/ind.)

BRI H A (d) BIF5HME (cfu/mL)  The concentration of spore suspensions RS
quaa;iutryng:‘\;S;Iglzlsogalrr;ied 1x10° 1x10 1x10° Conidial powder
0 0.505+0.06b 1.244+0.05b 7.513+1.14b 155.950+36.05a
1 0.365+0.01b 0.865+0.04b 0.831+0.14b 45.188+6.19a
2 0.103+0.03b 0.463+0.27b 0.608+0.22b 32.700+5.80a
3 0.092+0.01b 0.331+0.17b 0.550+0.05b 26.250+1.00a
4 0.060+0.01b 0.302+0.14b 0.446+0.11b 23.715+4.22a
5 0.058+0.01b 0.200£0.09b 0.225+0.03b 19.170+2.45a
6 0.040+0.01b 0.124+0.05b 0.200£0.01b 14.870+1.22a
7 0.029+0.01b 0.123+0.01b 0.175+0.01b 11.540+1.54a
x7 JIBEEFAEFEL (AT) HKEWMATWK (x10* MR
Table 7 Diurnal variation in spores quantity of Beauveria bassiana No.1
carried by Scleroderma sichuanensis (x10* cfu/ind.)
R HAL (d) BIFFIME (cfu/mL)  The concentration of spore suspensions TR

Diurnal variation in

quantity of fungus carried 1x10° 1x10 1x10° Conidial powder
0 1.493+0.19b 5.472+0.93b 27.610+0.39b 237.900£22.80a
1 0.765+0.55a 1.026+0.48a 2.854+1.02a 78.865+31.74a
2 0.705+0.54a 0.969+0.42a 1.778+0.12a 58.903+17.17a
3 0.661+0.51b 0.687+0.51b 1.136+0.34b 51.250+10.00a
4 0.531+0.41a 0.663+0.41a 1.128+0.18a 40.565+12.07a
5 0.432+0.37b 0.625%0.33b 1.238+0.01b 39.500+1.75a
6 0.288+0.24b 0.433£0.18b 1.025+£0.13b 37.875+7.38a
7 0.213+0.14b 0.267£0.17b 1.063+£0.01b 35.290+2.21a
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®8 JIEgFABE?2 (BF) HEMATK (x10* MR
Table 8 Diurnal variation in spores quantity of Beauveria bassiana No.2
carried by Scleroderma sichuanensis (x10* cfu/ind.)

HREHAZE (d) B PEFHEE (cfu/mL)  The concentration of spore suspensions HTH
Diurnal variation in Conidial powder
quantity of fungus carried 1x10° 1x107 1x108 P
0 0.288+0.10c 3.411+0.01c 44.875+£0.57b 189.745+0.76a
1 0.197+0.04a 0.475+0.03a 1.575+0.13a 77.425+22.58a
2 0.134+0.01b 0.344+0.08b 1.025+0.33b 78.200+20.20a
3 0.119+0.01b 0.238+0.04b 0.931+0.22b 50.315+6.19a
4 0.119+0.03b 0.253+0.05b 0.731+£0.02b 42.113+1.64a
5 0.113+0.01b 0.175£0.01b 0.893+0.08b 39.500+0.25a
6 0.107+0.03b 0.164+0.02b 0.857+0.11b 34.945+6.06a
7 0.086+0.01b 0.137£0.03b 0.575+£0.03b 31.650+7.06a
10- 1 8r SRAETR2
~ 9r Metarhizium anisopliae No.1 ~ 7+ Metarhizium anisopliae No.2
/ W o~ | -/ wn o~
li\ ] "8 8 ]i\ o 'g 6F
8§ 71 ——1x10cfuml  $ 2§ —o— 1x10 cfu/mL
255 6f ——Ix10cffmL 258 Of —=— 1x107 cfuw/mL
— B2 5r ——1x10%cfumL - E 2 4f —— 1x10° cf/mL
= N’ g N’
I §o 41 o 33 3
i (SN i .9
R o 5 3r R o g 2k
NE S ot bE S
= 1L 2 1F
0 e ! 0
Wi (d) Time AfiE] (d) Time
30 50 -
L sl Y
/E[-\ 251 Beauveria bassiana No.1 E\ Beauveria bassiana No.2
L o~ L o~ 40 -
Z_\ £ —o—1x10° cfu/mL Z_\ EE 35l —o— 1x108 cf/mL
z E-% 20 —e—1x107 cfu/mL S g%% 30 L —=—1x10 cfw/mL
% © 4 —a 8 < © < T 8
\></'§’<2 151 1x10® cfu/mL 3,@2 2| 1x108 cfu/mL
6§ < W ES 0
£ 28 10 £ 5.3
B2k B E Dr
b= S 5| NHE o 10+
? Nl 2 5
0 M T ——T——%—F—F L} 5 0 Bl\m % & & )
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Wi (d) Time AtiE] (d) Time

B3 JIEXMARRERTFRFRNETE

Fig. 3 The carrying capacity of Scleroderma sichuanensis to different concentrations of spore suspensions

ZEFARE, REVN: BEE I>aEE 1>H 5w 2>20 10
222 JIEZMBEXNAREREFHEST H2.
RE NSRS 4 BB B 70 46 1 #5415 8 1 H A2 1dJm, MERMER 1, sfEm 2 M, )

RILFR 9, LRI EXT 4 RE M I ISR T4 70%09f0 5 XFFfRE 1, 2
WFEAEZE S IS XTIX 4 BRIE 0900t 5 i R 2 M5, ARSI T4 60%m) 1t
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T, BFEEOKR, AR R I WA TR 1 RIR IR e hive , 45w bk
WEHEIT ISR IR 1, SRETE 2 L T7E58 3 RIGL WMIZER AR . EIARTE AT IX 4 BRI A BRI
& T 80%UA L, FIER 1. AR 2 T 0% REIAKREVN . AR DA 2>
4K 6 R T 80% LA L. NI DAER 2 (&1 4),

*®9 JEEEHFAFENAEL (x10° MR

Table 9 Diurnal variation in spores quantity of conidial powder of different
strains carried by Scleroderma sichuanensis (x10* cfu/ind.)

PRILLI I 2L (a) £ 1 S 2 g 1 (1R 2

Diurnal variation in

quantity of fungus carried M. anisopliae No.1

M. anisopliae No.2

B. bassiana No.1 B. bassiana No.2

0 213.250+5.75a
47.320+7.18a
46.660+8.96a
29.765+0.87a
22.640+2.94a
18.105+2.21b
14.775+0.95a
11.805+1.65a

~N o o0k~ W N e

155.950+36.05a
45.188+6.19a
32.700+5.80a
26.250+1.00a
23.715+4.22a
19.170+2.45a
14.870+1.22a
11.540+1.54a

237.900+22.80a
78.865+31.74a
58.903+17.17a
51.250+10.00a
40.565+12.07a
39.500+1.75a
37.875+7.38a
35.290+2.21a

189.745+0.76a
77.425+22.58a
78.200£20.20a
50.315+6.19a
42.113+1.64a
39.500+0.25a
34.945+6.06a
31.650+7.06a

#37 Conidial powder
— SRERE]

Metarhizium anisopliae No.1

Metarhizium anisopliae No.2

150 - —— Bl

Beauveria bassiana No.1

—— FEE2

Beauveria bassiana No.2

TTFHHRE (x10° /)
E

The quantity of spores carried (x10* cfu/ind.)
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(=}
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Fig. 4 The carrying capacity of
Scleroderma sichuanensis to conidial
powder of four pathogenic strains
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W 15 HA 3 TR ARIAIAETE 22 5 (P<0.05 );
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FNKEN N FHEE 2> R >EE 15
HE 2, MRS EE S A w2 g

(P<0.05), Mitk&RfEpmZH2ZERAME, mH
fERZE 225 0% (P<0.05), MYEFHES 7 K
I, 1SRty 1x10°, 1x107, 1x10° cfu/mL
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W >SEE 2.
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= TEARE Y, B R 15 B e &5 ).
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1x10° cfu/mL F1 1x107 cfu/mL BkEH, 1| #EX) 4%
AR RO R 22 5, MRS S . i
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Table 10 Diurnal variation in spores quantity of spore suspensions with a concentration of
1x10° cfu/mL carried by Scleroderma sichuanensis (x10* cfuf/ind.)
HHE T G B B A B
i (0) T 1 BT 2 B 1 (1 2
. - M. anisopliae No.1 M. anisopliae No.2 B. bassiana No.1 B. bassiana No.2
quantity of fungus carried
0 0.554+0.05b 0.505+0.06b 1.493+0.19a 0.288+0.10b
1 0.365+0.02a 0.365+0.01a 0.765+0.55a 0.197+0.04a
2 0.235+0.02a 0.103+0.03a 0.705+0.54a 0.134+0.01a
3 0.148+0.03a 0.092+0.01a 0.661+0.51a 0.119+0.01a
4 0.139+0.04a 0.060+0.01a 0.531+0.41a 0.119+0.03a
5 0.097+0.02a 0.058+0.01a 0.432+0.37a 0.113+0.01a
6 0.08040.01a 0.04040.01a 0.288+0.24a 0.107+0.03a
7 0.05440.01a 0.02940.01a 0.213+0.14a 0.086+0.01a

F 11 JIEE 1x107 cfu/mL 2EFFINBFHEATE (x10* MR
Table 11 Diurnal variation in spores quantity of spore suspensions with a concentration of
1x107 cfu/mL carried by Scleroderma sichuanensis (x10* cfufind.)

R H A2 (d)
Diurnal variation in
quantity of fungus carried

LA 1
M. anisopliae No.1

ZRAETA 2
M. anisopliae No.2

FfE R 1
B. bassiana No.1

R 2
B. bassiana No.2

0

~N o o B~ W N

1.354+0.05b
0.720+0.03a
0.600+0.03a
0.411+0.01a
0.213+0.09a
0.151+0.05a
0.122+0.01a
0.090+0.01a

1.244+0.05b
0.865+0.04a
0.463+0.27a
0.331+0.17a
0.302+0.14a
0.200+0.09a
0.124+0.05a
0.123+0.01a

5.472+0.93a
1.026+0.48a
0.969+0.42a
0.687+0.51a
0.663+0.41a
0.625+0.33a
0.433+0.18a
0.267+0.17a

3.411+0.01ab
0.475+0.03a
0.344+0.08a
0.238+0.04a
0.253+0.05a
0.175+0.01a
0.164+0.02a
0.137+0.03a

R 12 JIHEEH 1x10°8 cfu/mL EFFIMBFHEETH (x10* MR

Table 12 Diurnal variation in spores quantity of spore suspensions with a concentration of
1x10® cfu/mL carried by Sclerodermasichuanensis (x10* cfu/ind.)

#EREMHZL (d)
Diurnal variation in
quantity of fungus carried

2R 1
M. anisopliae No.1

ZAE R 2
M. anisopliae No.2

FETE 1
B. bassiana No.1

FHETE 2
B. bassiana No.2

0

~N o o B~ W NP

9.108+0.69c
1.219+0.22a
0.597+0.09a
0.484+0.03a
0.298+0.02b
0.263+0.01c
0.192+0.01b
0.180+0.01c

7.513+1.14c
0.831+0.14a
0.608+0.22a
0.550+0.05a
0.446%0.11ab
0.225+0.03c
0.200£0.01b
0.175+0.01c

27.610+0.39b
2.854+1.02a
1.778+0.12a
1.136+0.34a
1.128+0.18a
1.238+0.01a
1.025+0.13a
1.063+0.01a

44.875+0.57a
1.575+0.13a
1.025+0.33a
0.931+0.22a
0.731+0.02ab
0.893+0.08b
0.857+0.11a
0.575+0.03b
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Fig. 5 Carrying capacity of Scleroderma sichuanensis
to spore suspensions of four pathogenic strains

3 itig
I PR R R o 0 05 S 2 2 R R W 9T I

T AR , T 4 v 0T e A T 1) 3 L B R it
MDA BB AR F A BGRCR , AR BN
ST AR, YRR , (B A B a5
JF & A5 40 Butt 25 (1998 ) A P4 )7 % % Apis
mellifera #r LA kA5 Hil = Es 2 Meligethes
aeneus, #1551 F B AYFET-% . Kapongo 45( 2008 )
FI ] & 5 Bombus impatiens #5 F f5 b > 44 il i
FEFm AR kYA Trialeurodes vaporariorum
LA SEECRE % Lygus lineolaris il
BEIF Myzus persicae, YIS T R AT BB AR
X k145 (2007 ), WK MEAE (2009 ) FI A K
JIe T e S 1 S P I R AR T B Y P B R AR A 4
T BRIRRICR . Forh, e B RN 2 AR B U B
K4 v 5 2R R L7 vk AT AE IR IR v AT Y

% N ) Aty i e 3R W 1A B o i e xof
X 4 PR B AN [R5 B AT 14 BE AR TR], A5
P i TRIE A &, SRR S,
P57 2 Bl AR B R I o [RIRE, AR
W 1) B T RE AR B AR R A e TR TR I T, s
PRI S, B0 Bl BE R s (R )1 e
EFEE 2 SHFmOam T mMIET R T
1x10° cfu/mL B IF5IAY, X SHBEI (2013 ) A
FHEEH t #E3 FUETE . A% (2005 ) F1I )1 e 4
VR T I 25 SR AR L TR 3 MRk S 2 A
[F], HEN AT RE 5 WA R iR A FA G, A
S, X EE 6L PR AG T AL
AR oK BRI IR, 38 AT sl AN, BRI
FHATIRBURGE B A K ER , R It 1601 27 571
1) 5 B ANGE EAE PR, 3 5 i 55 ( 2007 )
SEVRARRL, T vk R (A TR 44 ) M R B E )|
We By b, BRI G R R, ATk 10°
MRS, 1 d Je NIRRT IIE T 70%LL 1,
3d 5 FMiVEEIA 80%LL b, —JREh4EsE T
BE AR, 1k 10° BCR Y. R, )11
R R 1AM 3 DR TR 7 d RSB
KB NF 50%, H LTsoZ 2k 5d, Hitk 7 d AR}
(B %) e 4 R B 75 e T, IF HAE )48
KBTI AT, AT RETEE A O FE B
i Ao



2 WA A )N S I S 5415 A 58 K A S0 B A E 5 435 -

JEXTAN R AR 4 7 A TSR], P i
A ROR FE SRR B RCRAF, F R R 2R R R
Yo 1SR e . AR 1 AIS{EE 1 ok
FUBSRE HY R A JUR . HOLEEEAmT i, AR
TR AT RO B AS RE L LU SRR A T RO R AS RE
LRI AL T 2 A o w7 DL T A T
AR, FEE 1 SRR 1 AE A A
fEA 2. ZRME R 2 Bomel, XWX AN R el
PR A5 R 1 AN [R] B A 0T )1 36 1) 75 g T R B
PR PR IR TN A G, BLHOR IR TR K A Hufk
F8 o S S BT (ELRE T AR B, R e
DS 517 (18 6T A By ot v A R T AR

TR VBSE R Ff e A1 DAy R A4 S50 R 119 2804
HATEEYIBIA P FTE D o W AE (2007 ) Y
i FOR T T HE R T A B 7%, H
BGE T35 1, 3, 7d B BERBEFL T 9 5R FE i,
Lk B AR S U 1 o AR S X 1B Sz i
R 8 5T 1) 2 Rl I A SO R A 1 A B v Ot
(N sk ES GRS | 1 o ST NTTI= I N ol
RUFIGEAFE, JIETESS 1d J5 AR 09l T HF K i
JBiv& , TR SRR R L

LR LRIk, AWTFERWI AR S fob iR et iy K
SO T TR T ATRY R TR
Ferey , HrPOR YR T I R A s A 1 AR BRI P R
W 1S R R, ERE R, Ik
fREER 2 5 BT A 1057 o ) 1A R il e ok K 4 3
AT — S 5 i HLRE IS B A 2
Xt B b AR B B8 RS HEA T RSCAE , ENTINGE ‘LR B
bt S S A DA LS E a1 5k 7/ = AL N el
FOZERR 1, S RCHET N ], B o 1] e A
e I IRRCR , 24 R AR o (R e
TR BRI A TE R BEA TR ABIEST, 0] o 1] 8 45
T B A AL S5 R AR BEE RS, AR TR A=)
BIF IR A SRR o

%30k (References)

Butt TM, Carreck NL, Ibrahim L, Williams IH, 1998. Honey-bee-
mediated infection of pollen beetle (Meligethes aeneus Fab.) by
the insect-pathogenic fungus, Metarhizium anisopliae. Biocontrol
Science and Technology, 8(4): 533-538.

Chen SL, Lin QY, Hang JC, 2004. Integrated Pest Management of

Main Tree Species in Southern China. Xiamen: Xiamen University
Press. 160. [BRIMS7, ARPCUE, #408, 2004, mJy EEMWFhE
HEZREE L JJ]: EITRA i RRAL. 160.]

Chen XM, 2013. Researches on the control technology of
Monochamus alternatus by use of entomopathogenic fungi
carried by rove beetle. Masteral dissertation. Nanjing: Nanjing
Forestry University. [BIPEIA, 2013, 71| F B B #4790 B 7
BB R A HORIIFY. WA A8, Bat: R atMl R

He LX, Ji J, Qiu XW, Zhang LP, 2014. General situation and control
measures of pine wilt disease in the world. Journal of Forestry
Engineering, 28(3): 8-13. [{ifJe &, i, BBF 3L, kKT,
2014, FRABFLR s K A EBL B BT TR R, MO RHE T &,
28(3): 8-13]

Hu ZC, Yang Y, Ma LJ, Sun ST, 2007. Experiment on Monochamus
alternatus infected by Beauveria bassiana carried by
Scleroderma sichuanensis. Journal of Zhejiang Forestry Science
and Technology, 27(3): 48-50. [f ik, %, DRk, FhEE,
2007. VM pig fie i e 51T 11 AR TR 2 B A e AR R AR R AR
WAL R, 27(3): 48-50.]

Kapongo JP, Shipp L, Kevan P, Broadbent B, 2008. Optimal
concentration of Beauveria bassiana vectored by bumble bees in
relation to pest and bee mortality in greenhouse tomato and
sweet pepper. BioControl, 53(5): 797-812.

Lin QN, 2017. Isolation and identification of potential pathogenic
bacteria from Monochamus alternatus Hope and their bacterial
diversity in associated habitats. Masteral dissertation. Fujian:
Fujian Agriculture and Forestry University. [#kf& 5, 2017. #A%
KA VAL AN TR 19 738 % 5 I 5 SR AR 95 R A T A1
LT R AT op G (25 I (5 17 5 DN

Liu HJ, Piao CG, Wang LF, Shen XZ, Zheng RZ, Shu QL, 2007.
Biocontrol of Monochamus alternatus by Beauveria bassiana
and Scleroderma guani. Scientia Silvae Sinicae, 43(5): 64-68.
[XIBESI, AMERAR, VESRK, HAHEL, FRORME, WKJE, 2007.
1A T R B e o A R R A 2l R MR . MR B2, 43(5):
64-68.]

Luo LL, Cai ZL, Lin T, 2015. Research progress on natural enemies

against Monochamus alternates Hope and its bio-control. China

Plant Protection, 35(2): 21-25. [ ikitk, 28434, #k[F], 2015.
P B KA Y R B A B R ge . R AR AR S 7D, 35(2):
21-25]

Pan CS, 2011. Advances in research on pine wilt disease. Journal of
Xiamen University (Natural Science), 50(2): 476-483. [/t 5%,
2011. AMF LRI ST HE . SR TR 222 4 (H AR ),
50(2): 476-483.]

Pan YS, Xu FY, Han ZM, 2009. Controlling on Monochamus

alternatus larva with Scleroderma guani and carried fungus.



- 436 - R B 31244 Chinese Journal of Applied Entomology 58 %

Journal of Jiangsu Forestry Science and Technology, 36(2):
11-14. [, TRtmoc, BEIEML, 2009, 45 R bR i KT
= N BTARAME R A4 S, LA AL RH, 36(2): 11-14.]

Qu LJ, Wang LJ, Wang QH, Wang YZ, Zhang YA, 2014.
Comparison of the quality of genomic DNA extracted from adult
specimens of Monochamus alternatus preserved by different
methods. Chinese Journal of Applied Entomology, 51(3): 741-
748. [ R4, EmE, EFE, £EI, K%, 2014, A8
KA R AARALRAE B I DNA SRS A, R 2R,
51(3): 741-748]

Rodrigues JM, 2009. Pine wilt disease: A worldwide threat to forest
ecosystems. Nematology, 11(2): 5-14.

Tang QY, Feng MG, 2002. Practical Statistical Analysis and its DPS
Data Processing System. Beijing: Science Press. 188-195. [J# 3
S, HHDE, 2002, SLHGEH T M H: DPS Ak iR Se. b
o Bl . 188-195.]

Yang BJ, Pan HY, Tang J, Wang YY, Wang LF, 2003. Pine Wilt
Disease. Beijing: China Forestry Press. 1-7. [# =4, %%,
W%, EEME ARE, 2003 MM AU, dbat thEMlL
AT, 1-7]

Yang Y, 2005. Study on screening superior strain of Beauveria
bassiana to Monochamus alternates and exploring the mechanism
diffused voluntarily by Scleroderma sichuanensis Xiao. Masteral
dissertation. Sichuan: Sichuan Agriculture University. [#%%,
2005. AFA:FAERIR AR Y TR DL B B RO K] P A i e it
P E SRR E. B2 ane 3 i Pl K
%]

Zhan MK, Yang ZQ, Wang XY, Lai YX, Zhang YF, 2014. Capacity

of transmitting Bursaphelenchus xylophilus by the vector

Monochamus alternatus adults. Scientia Silvae Sinicae, 50(7):
74-81. [ESH, HiLE, FANL, R, SKECE, 2014, 4
MR A L HUARBE LR O AR RE ). Mol R4, 50(7): 74-811]

Zhang YN, Yang ZQ, 2006. Studies on the natural enemies and
biocontrol of Monochamus alternatus Hope (Coleoptera:
Cerambycidae). Plant Protection, 32(2): 9-14. [3KZ&4f, 4% M,
2006. HAHE KA 1Y R SR 7F R HIRE 05T, R Ik
1, 32(2): 9-14.]

Zhao BG, Futai K, Sutherland JR, Takeuchi Y, 2008. Pine Wilt
Disease. Tokyo: Springer. 1-36.

Zhao ZP, Ji BZ, Liu SW, 2015. Research progress of biological
control by use of insects to deliver pathogens. Journal of Nanjing
Forestry University, 39(2): 155-162. [ 1F 3, REffrh, XIBBE,
2015. FII I B B3t o S ) St A= MU B RO BT R . g
Maolk K247, 39(2): 155-162.]

Zhou ZJ, 1999. A summary of the research on Scleroderma
sichuanensis Xiao. Journal of Sichuan Forestry Science and
Technology, 20(3): 59-61. [JEIHHLE, 1999. JI[fif f i bR i 5
RER. Mol A, 20(3): 59-61.]

Zhou ZJ, Yang W, Zeng CH, Yang DM, Ye WJ, 1997. Study on the
biological characteristics of Scleroderma sichuanensis Xiao.
Scientia Silvae Sinicae, 33(5): 475-479. [JEH13, #fh, W,
WHIERL, WARZE, 1997, JIIBE A BRI LE M) 2R RO ST, AR
A RR, 33(5): 475-479.]

Zhu CQ, Wang B, Shen J, Mou J, Qin WQ, Wen XJ, 2017. Research
progress on integrated controlling techniques against Monochamus
alternatus. China Plant Protection, 37(2): 19-24. ki, E 14,
W, B, B3O, BEE, 2017, MBRELAUHALRE.
TP ERGE SR, 37(2): 19-24.]



